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[54] Name of Invention: 

A Bone Growth Stimulant Injection And Preparation Method Thereof 

[57] 

This invention pertains to an injection of the bone growth 
factor extracted from natural animal bones and its preparation method. 
It contains bovine morphogenetic factor protein bBMP, fibroblast 
growth factor bFGF, and polyvinylpyrrolidone (PVP) ; its preparation 
method is as follows: bBMP is dissolved by liquid infiltration with 
urea, homogenized in a homogenizer and dialyzed with a dialysis 
membrane, and at the same time PVP is heated and dissolved, and bFGF 
is then dissolved in the same liquid; both liquids are mixed and 
rendered uniform, frozen, dried, sterilized and volatilized, 
whereupon they serve as a culture for aerobic bacteria and anaerobic 
bacteria; if the culture is negative, the product is ready. Compared 
to Prior Art, the dose used is small, the number of doses taken is 
small, and it has a pronounced effect in promoting bone healing and 
ectopic osteogenesis. 
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1 • o 

Scope of Patent Claims 

1. A bone growth stimulant injection containing a bone growth 
factor extracted from natural animal bone material characterized in 
that it contains the above-mentioned exogenous bone growth factor and 
a sensitized carrier; the said exogenous bone growth factor is bovine 
bone morphogenetic growth protein or human bone morphogenetic growth 
protein (hBMP) and bovine fibroblastic growth factor bFGF or 
recombinant human fibroblast growth factor; the sensitized carrier is 
polyvinylpyrrolidone •■ 

2. The bone growth stimulant injection recited in Claim 1 
characterized in that the weight ratio of the bovine morphogenetic 
protein (bBMP) or human bone morphogenetic protein (hBMP) , which is 
an exogenous bone growth factor, to the polyvinylpyrrolidone (PVP) , 
which is the sensitized carrier, is 3:10; under this proportioning, 
80,000 IU units of fibroblast growth factor (bFGF) or recombinant 
human fibroblast growth factor must be added* 

3. A preparation method of the bone growth stimulant injection 
recited in Claim 1 characterized in that the preparation process of 
this formulation is: 

(1) 1.5 g of BMP is weighed and taken, pulverized and dissolved 
by liquid infiltration with 20 mL of 4M urea, it is then allowed to 
stand for 12 hours in an ice box at 4 °C whereupon it is homogenized 
in a homogenizer; 
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(2) The homogenized BMP is packaged and dialyzed 5~10 times 
using an installed dialysis membrane with 4000 mL distilled water at 
4°C at intervals of 5-6 hours; once the dialysis is finished, the 
package is opened, and its contents are ready for further use after 
another homogenization. 

(3) 5 g PVP is added to 40 mL saline, heated and dissolved, 
cooled and strained, then its PH was adjusted to 7.2 with 2M NaOH, 
whereupon 80,000 units bFGF is diluted with this liquid, and ready 
for further use. 

(4) Liquids (2) and (3) are mixed and homogenized, and adjusted 
to 100 mL with sterile saline, then [the product] is transferred to a 
clean facility for separate filling and packaging in bottles; it is 
then rapidly cooled in an ice box at -75°C for 5 minutes, left in an 
ice box at -30°C for another 20 minutes and transferred to a freeze 
drier to freeze-dry. 

(5) Samples are taken, placed in a drying tower, and sterilized 
with epoxy ethane, whereupon they are placed again in a clean 
facility to volatilize and at the same time serve as a culture for 
aerobic and anaerobic bacteria. 

(6) If the aerobic and anaerobic bacteria cultures display 
negativity, the product is ready; it is then closed, labeled, and 
placed for storage in an icebox at 4°C. 
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1 ' .) 

Specification 

A Bone Growth Stimulant Injection And Preparation Method Thereof 

This invention pertains to an injection of the bone growth 
factor extracted from natural animal bones and its preparation method. 

Lately in traumatology and orthopedics, the bone conduction 
theory has come under attack from the bone induction theory. The 
treatment of bone fractures, defects, non-unions and other orthopedic 
conditions with the bone growth factor is a dynamic, competitively 
developing field of studies both in China and abroad. Numerous 
papers have already proven that bone morpho gene tic protein 
(hereinafter abbreviated to BMP) can induce perivascular migrating 
mesenchymal cells to transform into irreversible bone cells and thus 
generate cartilage and bone tissue within the skeleton and outside 
the skeleton. This mechanism has been acknowledged both in the 
orthopedic circles both in China and abroad. In both domestic and 
foreign Prior Art, plenty of research has been carried out based on 
induced bone formation based on BMP, such as a study of the 
immunological principles and regulatory functions of bone 
morphogenetic protein (BMP) , an experimental study of endogenous BMP 
and guided bone regeneration; a study on the combined use of BMP with 
other factors; a study on the use of recombinant BMP; a study on the 
impact of the carrier on BMP activity, etc. Experiments conducted so 
far have proved that naturally extracted and partially purified BMP 
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has a very good bone induction activity, and that the BMP that 
includes several molecular weights has a higher bone induction 
activity than the purified BMP with a single molecular weight; 
however, it cannot satisfy the demand because of the high cost and 
time-consuming production. The relation between the carrier and BMP 
activity is an inevitable problem of experimental research and 
clinical applications since the quantity of BMP in the bones is very 
small, its extracted amount is limited, and when high-purity BMP is 
used there is also the risk that it will be carried away by the local 
body fluids. Therefore in BMP applications, the issue of which 
carrier is optimal must be given consideration. Carriers that have 
been commonly used in Prior Art include decalcified bone matter (DBM) , 
porous tricalcium phosphate (TCP) , hydroxyapatite (HAP) , bioactive 
glass ceramics, etc; however, all these carriers have some problems 
or other to a certain extent. To summarize the above, though recent 
years have seen an upsurge of research on bone formation by bone 
induction based on BMP, and some of the studies are quite innovative, 
so far, there are very few medical preparations of BMP that are fully 
mature and suitable for clinical use. In a technology different from 
the above bone induction mechanism, the Chinese Patent CN89105016.7 
discloses "a cell growth factor and preparation method thereof." 
The main component in this medication is sterile plasma-coagulase; it 
also contains protein, polypeptides, and various amino acids. This 
is an extract staphylococcus metabolite cultivated on pig myocardium 



peptone and an aqueous solution of sodium chloride. This kind of 
injection preparation for the healing of bone fractures and ulcers 
places an emphasis on the synergistic effect of various bioactive 
substances as its therapeutic principle, without a need to consider 
and separate the action mechanisms of effective ingredients or the 
effect locations. Therefore in practice such medications are 
administered in extremely large amounts; it takes multiple injections 
to produce an evident effect. This medication has been on the market 
for a few years now, but to this day there is no way to determine for 
sure its medicinal mechanism and whether or not it has a practical 
effect. Its therapeutic mechanism is on a different level than that 
of the bone growth factor under the above-mentioned bone-induction 
theory. 

In view of the above-mentioned situation of Prior Art, the 
purpose of the present invention is to offer a medicinal preparation' 
in the form of injections that has a complex form of bone growth 
factor based on naturally extracted and partially purified BMP and 
the optimal sensitized carrier with an effective slow release action, 
as well as a preparation method thereof. We also strived to make its 
effect remarkable, required amount small, make it easy to store and 
convenient to use. 

We will now describe the concept and technical approach of this 
invention as follows. 
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BMP-based induced bone formation theory claims that three conditions 
must be satisfied to induce bone formation: (1) the presence of the 
inducing stimulant (such as bone growth factor); (2) mesenchymal 
cells; (3) delivery of blood that promotes bone growth to the 
environment. This invention is based on a vast experimental 
foundation; we conducted an in-depth study of the combined local 
application of bone morphogenetic protein (BMP) and blood vessel 
growth factor (FGF) . The results of the experiments demonstrated 
that in addition to bone morphogenetic protein (BMP) being able to 
induce perivascular migrating mesenchymal cells to transform into 
irreversible bone cells and thus generate cartilage and bone tissue 
in locations within the skeleton and outside the skeleton, the 
alkaline fibroblast growth factor (FGF) also has the effect of 
stimulating the proliferation of cartilage cells; it is a powerful 
stimulant of capillary proliferation, and bone formation and 
capillary formation inside cartilage are major steps in the bone 
formation by bone induction. The experiments proved, moreover, that 
polyvinypyrrolidone (PVP) has an excellent adsorption effect on the 
macromolecular compounds of proteins, having an absolutely clear 
sensitizing effect on the bone growth factor, i.e., bone 
morphogenetic protein, and the fibroblast growth factor. It also 
possesses good mutual solubility with both factors, such that a 
complete suspension can be prepared, which is an effective slow 
release carrier. Based on this, this invention offers, first of all, 
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a medicinal preparation characterized in that it contains one or more 
exogenous bone growth factors and a carrier; the exogenous bone 
growth factor is bovine bone morphogenetic protein (bBMP) or human 
bone morphogenetic protein (hBMP) and fibroblast growth factor (bFGF) 
or recombinant human fibroblast growth factor; the sensitized carrier 
is polyvinylpyrrolidone. The weight ratio of the bovine bone 
morphogenetic protein (bBMP) or human bone morphogenetic protein 

(hBMP), which is the exogenous bone growth factor, to the 
polyvinylpyrrolidone (PVP) , which is the sensitized carrier, is 3:10; 
under this proportioning, 80,000 IU units of fibroblast growth factor 

(bFGF) or recombinant human fibroblast growth factor must be added. * 
Furthermore, this invention also offers a preparation method of the 
bone growth stimulant injection characterized in that characterized 
in that the preparation process of this formulation is: 

(1) 1.5 g of BMP is weighed and taken, pulverized and dissolved 
by liquid infiltration with 20 mL of 4M urea, it is then allowed to 
stand for 12 hours in an ice box at 4 °C whereupon it is homogenized 
in a homogenizer; 

(2) The homogenized BMP is packaged and dialyzed 5-10 times 
using an installed dialysis membrane with 4000 mL distilled water at 
4°C at intervals of 5-6 hours; once the dialysis is finished, the 
package is opened, and its contents are ready for further use after 
another homogenization. 
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(3) 5 g PVP is added to 40 mL saline, heated and dissolved, 
cooled and strained, then its PH was adjusted to 7.2 with 2M NaOH, 
whereupon 80,000 units bFGF is diluted with this liquid, and ready 
for further use. 

(4) Liquids (2) and (3) are mixed and homogenized, and adjusted 
to 100 mL with sterile saline, then [the product] is transferred to a 
clean facility for separate filling and packaging in bottles; it is 
then rapidly cooled in an ice box at -75°C for 5 minutes, left in an 
ice box at -30°C for another 20 minutes and transferred to a freeze 
drier to freeze-dry. 

(5) Samples are taken, placed in a drying tower, and sterilized 
with epoxy ethane, whereupon they are placed again in a clean 
facility to volatilize and at the same time serve as a culture for 
aerobic and anaerobic bacteria. 

(6) If the aerobic and anaerobic bacteria cultures display 
negativity, the product is ready; it is then closed, labeled, and 
placed for storage in an icebox at 4°C. 

Below is a summary of in vivo experiments on mice using bovine 
bone morphogenetic protein (bBMP) strengthened with fibroblast growth 
factor (bFGF) , and we will further explain the bone growth 
stimulating effect of the medicinal preparation of this invention. 

1. Materials and method. Using the method described in 
literature, we extracted partially purified newborn calf f s bBMP and 
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experimented by implanting it in a mouse muscle pouch, proving its 
bone induction activity. 96 mg bBMP was dissolved in 24 mL of 16 M 
urea solution; it was dialyzed with regard to water for 24 hours, and 
the obtained bBMP suspension was evenly distributed into 24 ampoules, 
freeze-dried and sealed for further use. bFGF was a freeze-dried 
product. 48 male Kunming mice, with a body mass of 25 g each were 
randomly separated into 4 groups. Group A: 0.3 ml of liquid PBS (a 
buffer solution of phosphoric acid and its salts) containing 100 mg 
bBMP was injected into ampoules containing 4 mg bBMP to prepare a 
suspension, which was injected into the musculus gracilis of the mice 
using a skin-suction type injector. Group B: 0.3 mL of bBMP 4 
mg/liquid PBS suspension was injected into the musculus gracilis of 
the mice. Group C: 0.3 mL bFGF 100 mg/liquid PBS. Group D: 0.3 mL 
liquid PBS. In 24 days, the mice were put to sleep, and the tissues 
in the injected part were excised and fixed in 10% neutral formalin. 
The tissues were decalcified with hydrochloric acid for 24 hours and 
then rinsed; the calcium was removed. The tissues were then embedded 
in paraffin, sliced, HE stained, and studied by means of optics. 
Other specimens from each group were used to determine calcium 
content. The specimens were cleaned on the surface, homogenized and 
centrifuged at 1000 rpm, the deposit matter was digested with 
hydrochloric acid, and the calcium content of the deposit matter was 
determined by atomic absorption spectrophotometry to serve as the 
quantitative index of bone formation. 



2. Results: In the injected location of group A mice bony 
hardening could be felt by touchy Under histological examination 
lens, lamellar bone was observed, as well as trabeculation and red 
bone marrow formation, with fibrous tissues in the space. Group B 
also revealed new bone formation, but not the formation of new 
capillaries. Groups C and D revealed no new bone. By the determined 
calcium content, group A exceeded group B by a factor of 3, and group 
C by a factor of 8; group B exceeded both group C and group D. 

3. Conclusion: The medicinal preparation that contains several 
kinds of bone induction factors and is combined with a suitable 
carrier has broad prospects in the orthopedic clinical practice. 

Compared to Prior Art this invention uses a smaller dose, fewer 
applications, has a clear effect of promoting bone healing and 
ectopic bone formation; it can be used as a mature medicinal 
preparation in clinical practice. 
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